Automated Frequently Asked Questions (FAQ) answering systems are becoming popular due to their ability to provide answers to user questions in restricted domains using pre-defined FAQ database. According to the literature on FAQ retrieval systems, there are many FAQ retrieval systems that have been developed and are being used in various domains. However, there are very limited FAQ-based question answering systems in the area of HIV/AIDS. This paper presents a discussion of the implementation of an index-based FAQ answering system on HIV/AIDS by adapting different techniques and algorithms from existing FAQ retrieval systems. For this purpose, we conducted an evaluation of 10 FAQ retrieval systems which are already deployed in other domains. For the implementation of the system, we used the open source Apache LUCENE information retrieval software library which provides Java-based indexing and search technology. Our FAQ repository contains the FAQs from the MASA booklet (which has 205 HIV/AIDS questionanswer pairs) and IPOLETSE call center manual (which has 150 HIV/AIDS question-answer pairs). To evaluate the effectiveness of our system, we conducted experiments with two categories of user queries: queries which match with questions in the FAQ repository and queries which are not questions on HIV/AIDS. The performance of the system is encouraging with a success rate of 94.2% for the first category of questions and a rejection rate of 100% for the second category of questions. Moreover, we observed that the system performs better when user queries are compared with questions in the FAQ repository than when user queries are compared with question-answer pairs in the FAQ repository.
Introduction
HIV/AIDS has affected Sub-Saharan Africa more than any region in the world. Among the Sub-Saharan Africa countries, Botswana is one which is highly affected by this pandemic. To tackle this challenge, the government of Botswana introduced a number of initiatives. One interesting initiative, among others, is the establishment of the IPOLETSE call centre which provides answers on any HIV/AIDS related question over the phone. People call to a toll-free line managed by the call centre and ask any questions related to HIV/AIDS they may have. The operator browses the HIV/AIDS frequently asked questions (FAQ) manual prepared by the Ministry of Health and provides the answer to the caller. If the answer is not in the manual the operator escalates the question to an HIV/AIDS specialist. The caller will be advised to call again at a later time. Once the answer is provided by the HIV/AIDS specialist, the question answer will be included in the FAQ manual. Even though this service has been widely used and benefited many people, it has also its own limitations. First, it is accessed from landlines which many people do not have. Secondly, even if they have landlines, they may not feel free to call if there are people around as this may compromise their privacy. As most people in the country have cell phones, it would be very appropriate to get this service through mobile phones. The ultimate goal of our research project is to develop a question answering system that can answer any question people may have about HIV/AIDS through standard mobile phones. With such a system, people can send Short Message Service (SMS) questions using mobile phones and get the answer as an SMS on their cell phone. Mobile phones have become very important tools for a variety of services especially in the African continent. Among the many mobile phone applications, access to information with SMS is very popular. For example, a survey of University students by Brown et al. [1] , indicated that 82% use text messaging, but only 10% use the Web browser on their phone to get information. In Botswana, the mobile network coverage is very high, about 90% for Mascom [2] and 95% for Orange [3] . In addition, about 95% of Batswana (i.e., people of Botswana) use mobile phones [4] . With such a high use of mobile phones people can benefit from using SMS-based Question Answering (QA) services which can be accessed anytime anywhere. The focus of this paper is on the implementation and evaluation of an index-based FAQ answering system on HIV/AIDS by adapting different techniques and algorithms from existing FAQ retrieval systems. As automated Question Answering (QA) systems are becoming increasingly important, there are many of them developed for various applications. Instead of creating a new FAQ retrieval system from scratch, it would be very important to evaluate the existing ones in relation to our requirements and adapt techniques and algorithms which are suitable for our HIV/AIDS FAQ retrieval. FAQ retrieval system is a special type of question answering system where answers are extracted from an existing FAQ knowledge base. Just like in the case of the call center, when a user sends a question to the system, the system will try to match to a similar question in the FAQ knowledge base. If there is similar (or same) question in the FAQ, the corresponding answer will be sent back to the user. The remainder of the paper is organized as follows: Section 2 presents comparison of FAQ retrieval systems together with a discussion of our FAQ retrieval requirements. Section 3 discusses the implementation of the HIV/AIDS FAQ retrieval system. A discussion on the experimental evaluations of the HIV/AIDS FAQ retrieval system is provided in Section 4. Finally, the main points of the paper and highlights of our future works are presented in Section 5.
Evaluation of FAQ Retrieval Systems
In this section we discuss our requirements of a QA system that can be used for HIV/AIDS FAQ retrieval. Then we discuss properties of selected FAQ retrieval systems so as to identify relevant features that can be used in our system. Evaluation of FAQ systems involves assessment of various techniques and approaches used during their development.
Requirements for the HIV/AIDS FAQ Retrieval System
Before we try to develop an FAQ retrieval system, it is important to specify the requirements of the desired system. As the ultimate goal of the project is to develop FAQ retrieval system that can be accessed through mobile phones (SMS applications), we specified requirements from this perspective. This obviously needs to incorporate the constraints of mobile phones for information access. The main goal of the system is to provide answers in the form of SMS to any HIV/AIDS related SMS question sent by users. Therefore, an HIV/AIDS FAQ retrieval system needs to satisfy the following main requirements: response time, accuracy of answers, free form natural language questions, mobile phone access (SMS interface), answer extraction, and multi-lingual support.
Response time: response time refers to the time taken to get an answer for a given question. People are already accustomed to fast responses from service providers for SMS queries such as balance request. Therefore, an SMSbased system should provide a similar response time so that it can be usable. This in turn requires the implementation of faster algorithms for answer retrieval for a given SMS question.
Accuracy: Accuracy of answer refers to the accuracy of the answer provided for a given question. For our HIV/AIDS question answering system, the system should provide answers as accurate as possible. This requirement is the same for any retrieval system. However, when we deal with mobile phones, people do not have the luxury of browsing through a number of potential answers using their phones. The system should provide only the top one or two answers for a given question. Type of question: there are different types of questions that can be submitted to a QA system. Some systems limit the types of questions that can be submitted to factoid questions. These types of questions include what, where, who, etc. questions. Others prescribe a template for the types of questions that can be submitted. The factoid and template based questions limit the types of questions that can be submitted and can entertain only limited types of questions. For our system, we would like the system to be able to process any type of question. System access: QA systems can provide different interfaces for system access. They provide web interface and/or mobile interface. We would like our system to have both forms of access. Answer extraction: There are different techniques for extracting potential answer(s) for a given question. For our system, we would like the system to be able to match users' questions to question-answer pairs which are stored in the FAQ knowledgebase. Therefore, the search space, for the time being, is limited to the FAQ knowledge base. For example, search engines extract answers from the web for any given questions.
Multi-lingual support:
In Botswana documents can be found both in English and Setswana. For example, one of the FAQs (e.g., MASA FAQ Manual) that we use in this project is available both in English and Setswana. Therefore, though we focus only on English FAQs in this paper, we would like our system to have multi-lingual support so that we can extend it in the future. Based on the requirements stated above, we have identified a number of FAQ answering systems that can be used for HIV/AIDS FAQ retrieval. However, to evaluate the strengths and weaknesses of these systems we compare them using the main characteristics of QA systems. The following sub-section presents comparison of FAQ systems based on selected properties.
Comparison of Existing FAQ Retrieval Systems
For information retrieval systems, the most commonly used evaluation frameworks are TREC, Cranfield, and CLEF [5] [6] [7] . With regard to FAQ answering systems, a number of evaluations have been carried out to compare the effectiveness of different systems. These comparisons focus on different issues including effectiveness using measures such as MAP and MRR [8] , architecture [9] , retrieval models [10] , similarity matching techniques [11] to name a few. Based on the literature, we have identified important properties of FAQ answering systems that are used for the comparison of FAQ answering systems which are relevant for our application. Table 1 provides a comparison of the 10 FAQ answering systems.
Summary of Adopted Techniques and Algorithms
The HIV/AIDS FAQ retrieval system was implemented by adopting techniques and algorithms from the FAQ retrieval systems discussed in Table 1 . The following are the main points.
 Searching and ranking -Most systems [ [20] uses the OKAPI BM25 approach while [15] uses the LUCENE ranking (cosine similarity) approach. In our approach, we adopt cosine similarity which is commonly used and is the de-facto standard for search in most information retrieval systems such as LUCENE. LUCENE combines the Vector Space Model and the Boolean model.
The HIV/AIDS FAQ Retrieval System
For implementation, we use the open source Apache LUCENE information retrieval software library which provides Java-based indexing and search technology. The tool was developed in Java and has built-in Java classes like indexer, parser analyzers, spell check, stemming and tokenization. Our FAQ repository used the FAQs from the MASA booklet (which contains 205 question-answer pairs) and IPOLETSE call center manual (which contains 150 question-answer pairs). Figure 1 shows the architectural representation of the Index based HIV and AIDS FAQ retrieval system. The first step, after an HIV and AIDS user query input, is the question analysis stage where a reformulated user query, which is keyword based, is created [25] . The input user query is tokenized, stop words are removed and then keywords are stemmed to their root words.
The next stage involves searching to retrieve a similar question from the FAQ repository using the inverted index. In the answer extraction unit, question matching is performed for all HIV and AIDS FAQ questions stored in the database. Each HIV and AIDS FAQ question is read with its question Id number, question description and answer. The question description is the only field that is subjected to tokenization, stop word removal and storage Answer extraction is defined by [26] as a matching approach and constitutes the major retrieval mechanism for related documents usually by using similarity matching. Similarity matching is done between the posed HIV and AIDS question and the FAQ questions from the database to determine the result. In our research, we adopt the cosine similarity measure as it is already embedded in the LUCENE Indexer. A numerical representation of the terms in the inverted index structure is computed as Term Frequency Inverse Document Frequency ( . This numerical representation defining each keyword represents the weight of the keyword with respect to the FAQ question it is found in and also the entire HIV and AIDS FAQ corpus. The final part of the system is the ranking part where the weights for the terms contained in specific questions is summed up to determine the HIV and AIDS FAQ numerical weight for an FAQ question determined by the formula as given below. Each index term identified in the document is represented by and the final FAQ document expressed as for all identified FAQ questions. It is these values that would then be used to rank the questions and determine the highest value; the highest value implies that it is the question closest to or most similar to the posed query.
Experimental evaluation of HIV/AIDS

FAQ Retrieval System
Our FAQ repository consists of 400 QA pairs extracted from the MASA FAQ booklet prepared by the Botswana Ministry of Health and the IPOLETSE call center manual. In order to evaluate the performance of our system, a total of 50 queries were run. Among the 50 queries, 35 were randomly selected questions from the FAQ repository. In other words, these queries have answers in our FAQ repository and were not difficult to judge the relevance of the answer for these queries. In addition, we identified 15 questions from other FAQ repositories (Transport and Agriculture) which are not on HIV/AIDS. For these queries, the system is expected to provide no answer as their answers are not in our HIV/AIDS FAQ repository. To evaluate the effectiveness of the performance of the system, we used the metrics success rate and rejection rate. It is important to note that the usual effectiveness measures such as recall and precision from Information Retrieval are not applicable for FAQ answering systems [27] . For example, traditional information retrieval systems aim to retrieve all the relevant documents from a collection of documents for a given query whereas in FAQ retrieval, the system is expected to retrieve a single answer (if any) from the FAQ repository that matches the user's query. Success rate refers to the percentage of questions for which the FAQ retrieval system returns the correct answer (when one exists). In our FAQ retrieval, there is only one correct answer for each question in the repository. Therefore, success rate will be measured based on the percentage of questions for which a correct answer is provided. On the other hand, rejection is a measure of the ability of the system to present no answer when there is no actually answer in the FAQ repository. In other words, it refers to the ability of the system to say no answers for those queries which do not have answers in the FAQ repository. Therefore, rejection rate refers to the percentage of questions that the system correctly asserts that it does not have the answer for out of domain questions. Hence, we compute rejection rate as the percentage of questions for which the FAQ retrieval system correctly reports as having no answer in the FAQ repository [27] . For the 35 HIV/AIDS queries, the system achieved a success rate of 94.2% (providing the correct answer for 33 questions) whereas for the 15 the out of domain queries, the system was able to correctly classify all the questions as unanswerable questions achieving a rejection rate of 100%. For the rejection, the cutoff point was 0.3 suggesting that a matching score of less than 0.3 was treated as no answer. It is important to note that one reason the system was able to achieve a rejection rate of 100% could be due to the fact that the questions were in a totally different domain (Transport and Agriculture) which may not have common terms with the questions in our FAQ repository.
Conclusion
In this paper, we presented an index-based FAQ retrieval system in the domain of HIV/AIDS. As there are already many FAQ retrieval systems developed in other applications domains, we sought to learn best practices from these systems by evaluation their strengths and weaknesses. For this purpose, we identified ten FAQ retrieval systems and analyzed the techniques and algorithms used in their implementations. Based on the analysis, we identified techniques and algorithms which are relevant for the development of our system. For the development of the system, we used the open source Apache LUCENE information retrieval software library which provides Java-based indexing and search technology. Moreover, we created an HIV/AIDS FAQ repository by collecting question-answer pairs from the MASA HIV/AIDS FAQ booklet and the IPOLETSE call center manual. To evaluate the effectiveness of our system, we randomly selected 35 HIV/AIDS questions from our repository and 15 questions from the domain of Transport and Agriculture. Our experimental results demonstrated that our system was able find the correct answers for most of the HIV/AIDS questions achieving a success rate of 94.2%. For the 15 out of domain questions, our system was able to correctly judge the unavailability of answers for the questions posed to the system. 
